INTRODUCTION
H igh sodium (Na) intake has been widely associated with elevated blood pressure (BP) and increased risk of cardiovascular diseases [1] [2] [3] [4] [5] . To achieve potential cardiovascular benefits, reducing Na intake has been recommended in many guidelines on lifestyle management or dietary intake [6] [7] [8] [9] . Accurate measurement of Na intake is essential to identify its true contribution to a relation between salt intake and health outcomes and thus evaluate the effectiveness of a population Na reduction strategy. Several approaches to measuring dietary Na intake are currently available, including urinary and dietary assessment [10] . Although multiple collections of 24-h urinary Na excretion are considered the gold standard for assessing dietary Na intake, high participant burden, analytical labor, and the difficulty in achieving complete collection of 24-h urine have limited their use in large-scale population studies. Likewise, the 24-h dietary recall has been employed in many large studies such as the China Health and Nutrition Survey [11] and the National Health and Nutrition Examination Survey (NHANES) in the United States [12] . Although self-reported dietary recalls can help to identify sources of Na and other nutrients, they can be biased by inaccuracies in recall and/or recording. Several studies have assessed the agreement between 24-h dietary recall and 24-h urine collection in estimating dietary Na intake at the population level [13] [14] [15] [16] [17] , but most of these studies were conducted in a single country or population, hence results may not be cross-culturally applicable. Also, most previous studies failed to analyze misclassification at the individual level. Therefore, the present study aimed to address these questions using data from the population-based International Study of Macro-and Micro-nutrients and Blood Pressure (INTERMAP) to evaluate the 24-h dietary recall from all four countries [China, Japan, the United Kingdom (UK), and the United States of America (USA)] against 24-h urine collection for the estimation of Na intake at both population and individual levels.
METHODS

Study population
Participants were from the INTERMAP Study, an international epidemiologic study designed to investigate relations of dietary variables to BP, among 4680 men and women aged 40-59 years from 17 population samples in China (3 samples), Japan (4 samples), UK (2 samples), and USA (8 samples) [18] . For each participant, four 24-h dietary recalls, two timed 24-h urine specimens, eight BP measurements (two at each of four visits), and data on major possibly confounding variables were collected. Field work was conducted from 1996 to 1999, with strict quality control procedures undertaken at the international, national, and local levels throughout the field surveys. Details about the study populations and methods have been reported [18] . Written informed consent was obtained from all participants.
Dietary data collection
Each participant attended the local research center four times, two visits on consecutive days, and another such pair of visits with an interval of 3-6 weeks. Four 24-h dietary recalls (two pairs) were performed by trained certified interviewers using the in-depth multipass 24-h recall method [19] . All foods, drinks, and dietary supplements consumed in the previous 24 h were recorded. Assessment tools such as real foods, food models, measuring devices, and photographs were used in the four countries to assist in accurate recording.
In China, individual ingredients in mixed dishes were estimated by the participant, and when foods reported were prepared by someone other than the participant, the ingredients were verified with the cook. The amount of salt used in cooking was estimated using real salt, weighed and recorded. The portion of the mixture consumed was estimated by the participant. Details on country-specific procedures of dietary data collection have been reported [19] .
Urine collection
Two timed 24-h urine specimens were collected, each coinciding with a pair of 24-h dietary recalls. Collections started at the local research center on the first day of each visit and were completed there the next day. The start and end times were recorded as participants began and completed the collection at the research center. Also, participants reported any missing urine on a written form. The specimen was designated 'incomplete' and the participant was asked to repeat the collection. Also, the collection was repeated if the collection time fell outside the range of 22-26 h, or the total volume of urine was less than 500 ml. Urine aliquots were stored frozen at À20 8C and airfreighted frozen to the Central Laboratory (Leuven, Belgium), where urinary Na, potassium (K), creatinine, and other variables were measured with rigorous internal and external quality control.
Statistical analysis
Descriptive data are presented as mean values AE standard deviation (SD) unless otherwise indicated. For analyses on the difference and agreement between the two methods, the averages of the four dietary measurements and two urinary measurements were used. Differences between urinary Na excretion measured by 24-h urine collection and dietary Na estimated by 24-h dietary recall were calculated. The relative and absolute differences between the two methods were analyzed, where the relative difference was calculated as [(24-h dietary Na À 24-h urine Na)/24-h urine Na Â 100%] and the absolute difference was calculated as (24-h dietary Na À 24-h urine Na). Also, Na intake values obtained from the two methods were converted into salt intake values (17.1 mmol of Na is equivalent to 1 g of salt) and were further divided into five categories (<6, 6-8.9, 9-11.9, 12-14.9, and !15 g/day), and the percentage of participants classified into each group was calculated. Misclassification rate was defined as the proportion of individuals misclassified into other salt intake categories by dietary recall using 24-h urinary collection as the valid level. A two-tailed P value less than 0.05 was considered significant. All analyses were performed using SAS version 9.4 (SAS Institute, Cary, North Carolina, USA).
RESULTS
The INTERMAP Study included 4680 participants from China (n ¼ 839), Japan (n ¼ 1145), UK (n ¼ 501), and USA (n ¼ 2195). Participants were 50.4% men, mean age 49.2 AE 5.5 years, mean daily Na excretion 181.1 AE 72.4 mmol. Mean of dietary Na intake estimated by 24-h dietary recall and 24-h urine collection and mean difference between the two methods are shown in Table 1 . The mean 24-h urinary Na excretions for China, Japan, UK, and USA were 227.5 AE 100.3, 198.3 AE 56.2, 145.2 AE 49.1, and 162.6 AE 59.4 mmol, respectively. Mean differences (95% CI) between 24-h dietary recall and 24-h urine collection were À54.0 (À59.8, À48.3) mmol for China, 3.9 (0.6, 7.2) mmol for Japan, 2.9 (À1.8, 7.6) mmol for UK, and À3.5 (À5.8, À1.1) mmol for USA. The country Na intake was overreported or under-reported by 2.0-2.2% for Japan, UK, and USA samples using 24-h urine collection as the reference, whereas it was under-reported by 23.7% for Chinese samples. Similar results were found for the first and repeat visit data analyzed separately.
For individual level analyses, distributions of relative and absolute differences between 24-h dietary recall and 24-h urine collection are shown in Figs. 1 and 2 . When the 24-h urine collection was used as the reference, the proportions of relative differences within AE10% for 24-h dietary recall in China, Japan, UK, and USA were 12.8, 29.1, 24.6, and 24.2%, respectively. The proportions of relative differences beyond AE40% were 34.3% for China, 16.9% for Japan, 24.2% for UK, and 21.3% for USA. Similarly, the proportions of individual absolute differences within AE17.1 mmol/day (1 g salt) for 24-h dietary recall in the above four countries were 14.0, 26.8, 29.3, and 28.3%, respectively. In addition, the proportions of individual absolute differences greater than 51.3 mmol/day (3 g salt) were 58.6% for China, 32.8% for Japan, 25.4% for UK, and 31.9% for USA.
The classification of individual salt intake converted from 24-h dietary Na and 24-h urinary Na is shown in Table  2 . With the 24-h urinary excretion as the valid level, the dietary value classified more than half of all individuals into wrong categories of salt intake in all four countries. The overall misclassification rates at individual level were 71.4% for China, 60.9% for Japan, 58.7% for UK, and 60.0% for USA.
Considering that salt intake varies greatly in different regions of China, we additionally analyzed the data of three Chinese population samples (Beijing, Shanxi, and Guangxi) separately. Supplemental Tables S1-S2 and Supplemental Figures S1-S2, http://links.lww.com/HJH/B13 showed that there was great underestimation of Na intake through 24-h dietary recalls at the population level and high misclassification rate of salt intake at the individual level in all three samples. Specifically, the misclassification rates in Beijing, Shanxi, and Guangxi were 67.3, 81.7, and 64.7%.
DISCUSSION
At the population level, Na intake estimated by multiple 24-h dietary recalls was close to the Na level derived from two 24-h urine collections for Japan, UK, and USA, but not for China. The mean difference in Na intake between the two methods for the Chinese cohort was relatively large. At the Values are means AE SDs unless otherwise indicated. a Bias ¼ (Dietary Na À Urinary Na)/Urinary Na Â 100%, at the population level.
Percentage of distribution (%)
C h i n a J a p a n individual level, the use of averaged 24-h dietary recalls performed poorly in assessing Na intake in all four countries based on both high relative and absolute differences, as well as large misclassification rate of salt intake groups. These findings comparing methods of assessment of Na intake are consistent with data from several previous validation studies. The USDA Automated Multiple-Pass Method (AMPM) Validation Study (n ¼ 465) compared Na intake from self-reported 24-h dietary recalls with 24-h urinary excretion and likewise found that 24-h dietary recall was accurate at the population level with less than 9% underestimation of Na compared with the urinary excretion [13] . A study conducted in a worksite sample in Ireland enrolled 50 participants aged 18-64 years and found that the mean difference between 24-h dietary recall and 24-h urine collection was only 3.8 mmol [14] . In contrast, the European Food Consumption Validation study including 365 participants from three European countries (Belgium, Norway, and the Czech Republic) found that self-reported dietary Na from 24-h recalls represented 61-75 and 59-70% of the urinary levels of the Na biomarker for men and women, respectively [15] . The Trial of Nonpharmacologic Intervention in the Elderly (TONE) included repeated standardized 24-h dietary recalls and 24-h urine collections, and reported that dietary recalls yielded estimates of Na intake that averaged 22% less than those from urine assays [17] . These studies demonstrated major underestimation of Na intake by dietary recalls at the group level. This underestimation was also found in the Chinese population in our study, and the results are in accordance with other studies conducted in Chinese populations, including studies that compared Food Frequency Questionnaire (FFQ) data with data from single 24-h urine collections in estimating dietary Na [20, 21] . Most previous dietary validation studies using multiple 24 h recalls to report intakes of other macronutrients and micronutrients often fail to specifically discuss limitations for estimating dietary Na intake at the individual level. We used relative and absolute differences as well as misclassification to determine the agreement at the individual level, in accordance with a recent validation study about spot urine in predicting 24-h Na excretion [22] . The relative differences beyond AE40% and absolute differences greater than 51.3 mmol/day (equivalent to a salt intake of 3 g/day) were high in all four countries, especially in China. The Prospective Urban Rural Epidemiology (PURE) Study enrolled and followed 156 424 persons from 17 countries and reported that both higher and lower levels of estimated Na excretion were associated with increased cardiovascular risk, resulting in a J-shaped association curve [23] . In addition, a pooled analysis conducted by the PURE research group also reported that high Na intake was associated with an increased risk of cardiovascular events and death in hypertensive populations but not in normotensive populations, whereas the association of low Na intake with increased risk of cardiovascular events and death was observed in those with or without hypertension [24] . Although observational analysis sometimes yields a reverse causality, as was found in the Systolic Blood Pressure Intervention Trial (SPRINT) experience [25] , the PURE Study was criticized mainly for using a single spot urine to estimate Na intake [26] , and it was shown that spot urine produced great misclassification of salt intake groups in a recent validation study [22] . Also, a recently published analysis based on the Trials of Hypertension Prevention (TOHP) data found that spot urine estimates of Na intake resulted in a J-shaped relationship between Na and allcause mortality whereas 24-h urine collection measured Na intake showed a linear relationship with mortality [27] . Unfortunately, over half of the INTERMAP participants' Na intake was misclassified by diet recalls in all four countries. This finding illustrates that dietary Na intake estimated by 24-h dietary recall alone is limited for detecting relations of salt intake with health outcomes in epidemiological and clinical studies without having a urinary Na biomarker.
The present study reports that among the four countries, the use of 24-h dietary recalls had the least favorable performance in China at both the population and individual levels. Possible explanations for the difference between China and the other three countries are: first, the Na content in recipes for both processed and home-cooked foods is highly variable in the Chinese diet, and discretionary salt use is difficult to quantify in dietary surveys [28] . Our previous study has shown that dietary Na from commercially processed foods such as breads, grains, cereals, soups, sauces, and cured meats accounted for the great majority of Na consumed in Japan, UK, and USA. And discretionary Na intake, that is, salt added to foods during home preparation or at the table, was a modest contributor to overall intake in these countries. In contrast, in the three Chinese samples, discretionary Na use accounted for most Na intake [29] . Soy sauce, monosodium glutamate (MSG), and other condiments included in the home cooking process in China are difficult to accurately assess by dietary recalls, although we used scales and other tools to assist participants to estimate salt intake; second, standard recipes with amounts of condiments specified precisely, are common in the west and Japan but are hardly used in China.
Our study has several strengths. Firstly, the INTERMAP Study enrolled a large sample from different countries, with high-quality dietary data and timed 24-h urine collection, enabling assessment of the agreement between 24-h dietary recalls and 24-h urine collections for estimating dietary Na intake. Secondly, the present study not only analyzed mean differences between 24-h dietary recall and 24-h urine collection at the population level but also evaluated the agreement at the individual level by using relative and absolute differences as well as data on misclassification of salt intake groups, unlike previous studies.
Potential limitations in our study include: use of the mean of only two timed 24-h urine Na excretions in all analyses recognizing that such timed 24-h urine Na values over a short time may not reflect typical salt intake. Although multiple, nonconsecutive, 24-h urine collections are recommended to improve precision for estimating salt intake [30, 31] , it is hard to perform multiple 24-h urine collections in large-sample population studies. To exclude the possibility that participants with Na excretions at the extremes were particularly adherent to an unusual dietary pattern during the study, we displayed the first and repeat 24-h urinary Na excretions of participants whose mean Na excretions were in the lowest or highest 5% in Supplemental Table S3 , http://links.lww.com/HJH/B20. The mean differences (95%CI) between the first and repeat 24-h urinary Na were 2.6 (À2.5, 7.8) mmol for the lowest 5% group and 1.1 (À16.3, 18.4) mmol for the highest 5% group, indicating that most of the participants with very low or high Na intake had similar intakes in the two collections in our study.
In conclusion, the findings from our study indicate that multiple 24-h dietary recalls demonstrate greater agreement with the 24-h urine collections in assessing population Na intake for Japan, UK, and USA compared with China, whereas yield considerable underestimation of Na intake for Chinese populations. The 24-h dietary recall is inadequate for the accurate assessment of individual Na intake.
